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Abstract 

Background: Clinically localized prostate cancer may be treated by different approaches of radiation therapy. The 
aim of this study was to report the results of disease control and toxicity in patients with clinically localized prostate 
cancer treated with high dose IIVIRT alone with 1 cm PTV posterior margin. 

Methods: From September 2001 to April 2008, 140 patients with localized prostate cancer were treated with 
definitive IMRT (dose > 74 Gy) without hormone therapy. Outcomes were measured from the conclusion of 
radiotherapy. Biochemical failure was defined as PSA nadir + 2.0 ng/dL. Toxicities were assessed using the 
NCI-CTCAE-version 3.0. IVledian follow-up was 58 months. 

Results: Biochemical failure occurred in 13.6% of patients. Actuarial 5-year biochemical control rates were 91.7%, 
82.5% and 85.9% for low-, intermediate-, and high-risk patients, respectively. Stage T2 patients presented a risk of 
biochemical failure almost three times higher than stage Tl (RR = 2.91; 95% CI: 1 .04; 8.1 7). Distant metastases 
occurred in 3 (2%) patients. Five-year metastasis-free and overall survivals were 96% and 97.5%, respectively. Late 
grade 3 genitourinary and gastrointestinal toxicity rates were, respectively, 1.6% and 3%. 

Conclusion: High-dose IIVIRT alone with 1 cm posterior PTV margin was effective and safe for patients with 
localized prostate cancer. 



Background 

The most common options for definitive treatment of 
early-stage prostate cancer are radical prostatectomy, 
brachytherapy, and external beam radiotherapy. In se- 
lected patients, androgen deprivation therapy or active 
surveillance may be used. 

Radiotherapy (RT) with doses above 74 Gy is an im- 
portant, well-established treatment for prostate cancer 
control. A meta-analysis of randomized clinical trials com- 
paring high-dose versus low-dose RT for patients with 
clinically localized prostate cancer showed a significant 



* Correspondence: rafaeLgadia(a)hsLorg.br 

'Department of Radiation Oncology, Hospital Sfrio Libanes, Rua Dona Adma 
Jafet, 91, Sao Paulo, Brazil 

Full list of author information is available at the end of the article 



reduction in biochemical failure over 5 years for the group 
of patients treated with high doses [1]. 

However, the delivery of high doses of radiation to 
the prostate is associated with higher rates of treatment- 
related gastrointestinal (GI) and genitourinary (GU) com- 
plications. Kuban et al. [2] showed that GI complication 
rates greater than grade 2 after 10 years of follow-up were 
twice as high (26% versus 13%) in patients treated to 78 Gy 
with three-dimensional conformal radiotherapy (3D-RT) 
than in those treated to 70 Gy with conventional RT. 

In recent years, significant advances in conformal 
treatment delivery in the form of intensity-modulated 
radiotherapy (IMRT) have allowed excellent target cove- 
rage with high doses of radiation and concurrent dose 
reduction to adjacent normal tissues, thereby offering po- 
tentially more effective treatment. In a cohort of prostate 
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cancer patients treated to 81 Gy with IMRT and a median 
follow-up of 99 months, the rate of grade > 2 GI complica- 
tions after 10 years was 3% [3]. 

It is worth emphasizing that the highly conformal na- 
ture of IMRT requires meticulous implementation and 
execution with rigorous quality control, in order to be 
effective. 

The aim of this study was to report the results of dis- 
ease control and toxicity in patients with clinically loca- 
lized prostate cancer treated with definitive IMRT alone 
with 1 cm posterior planning target volume (PTV) mar- 
gin and doses above 74 Gy. 

Methods 

Patients 

Between September 2001 and April 2008, 634 consecu- 
tive patients with histologically proven prostate cancer 
were treated with IMRT at Sirio-Libanes Hospital in Sao 
Paulo, Brazil. Patients treated with doses < 74 Gy, sub- 
jected to any type of hormone therapy (HT), adjuvant or 
salvage RT, RT to pelvic lymph nodes, and patients with 
metastatic disease or lymph node involvement were ex- 
cluded. Though, a total of 140 patients were included in 
the present study. All procedures were approved by the 
ethics committee at the Sfrio-Libanes Hospital. 

Risk groups were defined following the National Com- 
prehensive Cancer Network Guidelines (NCCN) [4]. Pa- 
tients were classified as follows: a) low risk: stage < T2a 
and Gleason score < 6 and PSA < 10 ng/ml; b) high risk: 
stage > T3 or Gleason score > 8 or PSA > 20 ng/ml; c) 
intermediate risk: all other patients. 

Treatment 

The treatment was carried out in daily fractions, five 
times per week, with an 18 MV linear accelerator. 

Patients were simulated in a supine position with a 
support under the knees. All patients underwent a treat- 
ment planning computed tomography (CT) with a slice 
thickness of 3 mm, and the images were transferred to a 
treatment planning system. Patients were advised to 
have a comfortably full bladder and an empty rectum at 
the time of CT simulation. 

The clinical target volume (CTV) for low-risk patients 
included only the prostate, while the CTV for high-risk 
patients included the prostate and the seminal vesicles, 
and the CTV for intermediate-risk patients included the 
prostate and the proximal portion of the seminal ve- 
sicles. The PTV consisted of the CTV plus a 10-mm 
margin in all directions, including the posterior, in 
direct contact with the anterior rectal wall. An addi- 
tional margin was added around the PTV to account 
for penumbra. 

RT was planned in two phases. The first was carried 
out with IMRT step-and-shoot with 5-fields distributed 



at angles of 35°, 100°, 180°, 260°, and 325° respectively. A 
total dose of 60 Gy in the prostate and 54 Gy in the 
seminal vesicles (30 fractions of 2 Gy and 1.8 Gy, re- 
spectively) was delivered in this phase. In the second 
phase, 7 to 10 fractions of 2 Gy, totaling 74 to 80 Gy in 
the prostate were delivered with 3 fields distributed at 
angles of 0°, 90°, and 270° planned with three-dimen- 
sional conformal RT. The prescription dose should com- 
prise at least 95% of the PTV. 

Dose constraints for the respective organs at risk were: 
a) rectum - V70 Gy < 20%, V60 Gy < 35%, V50 Gy < 50%; b) 
bladder - V80 Gy < 15%, V75 Gy < 25%, V70 Gy < 30 - 35%, 
V50 Gy < 55-60%; c) femoral head - V50 Gy < 5%, maximum 
dose < 55 Gy; and d) penile bulb - mean dose < 52.5 Gy. 

Clinical outcomes 

During the course of irradiation, patients were evaluated 
weekly by their radiation oncologists. Clinical follow-up 
after treatment was performed at 3- to 5-month inter- 
vals over 5 years. Outcomes were measured from the 
conclusion of RT to the first event or last visit. Biochem- 
ical failure (BF) was defined according to the Houston 
criteria (PSA nadir + 2.0 ng/dL) [5]. Acute and late GI 
and GU toxicities were assessed using the National Can- 
cer Institute Common Terminology Criteria for Adverse 
Events (NCI CTCAE), version 3.0' which can be briefly 
summarized as follows: a) grade 1: minimal adverse 
effects with no need for medication; b) grade 2: ad- 
verse effects with symptoms that require medication; 
c) grade 3: adverse effects requiring small-scale proce- 
dures (e.g., cauterization, catheterization, blood trans- 
fusion, argon coagulation therapy); and d) grade 4: 
life-threatening risks that require large-scale surgeries 
and hospitalization. Acute side effects were defined as 
those occuring during the course of radiation or 
within 90 days of its completion. Late toxicity was 
defined as occurring after the 3'^'' month of follow-up 
time. 

Statistical analysis 

The studied characteristics were expressed as absolute 
and relative frequencies. Survival curves based on the 
Kaplan-Meier function were constructed with the esti- 
mates of the mean biochemical control times for each 
characteristic of interest. The relative risks of biochem- 
ical failure for each characteristic of interest were esti- 
mated with their respective 95% confidence intervals 
(CI). Mean metastasis-free and overall survival times 
were estimated with the Kaplan-Meier method. GU and 
GI toxicity were expressed as absolute and relative fre- 
quencies. Correlations between dose level and acute GU 
and GI toxicities and with late GU and GI toxicities were 
investigated with Spearman's correlation analysis. 
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SPSS" vl7.0 Statistical package software (Chicago, 
Illinois) was used for the analysis with significance level 
set at 5% (p < 0.05). 

Results 

Of the 140 patients included in the study, most were 
white (89%). Mean age was 68.6 years (Standard Devi- 
ation = 7.9 years) and median follow-up time was 58.3 
months (range: 12.3 to 138.9 months). Table 1 summa- 
rizes patients' characteristics, including tumor stage, pre- 
treatment PSA value, Gleason score, risk group, and pre- 
scription dose. 

Biochemical control 

Biochemical failure occurred in 13.6% of patients. The 
biochemical failure-free survival rate according to the 
NCCN risk classification is presented in Figure 1. Actu- 
arial 5-year biochemical control rates were 91.7%, 82.5% 
and 85.9% and for low-, intermediate, and high-risk pa- 
tients, respectively with mean biochemical-free survival 
rates of 90.9%, 85.1% and 74.6% (p = 0.4881). 

Table 2 shows that only clinical T stage affected bio- 
chemical control. Stage T2 patients showed a higher risk 
of biochemical failure than stage Tl patients (RR = 2.91; 
95% CI: 1.04; 8.17). No statistically significant differences 
were observed in the other analyzed variables (Gleason 
score, PSA, risk group, and age). 

Metastasis-free survival and overall survival 

Distant metastases occurred in 3 (2%) patients. The 
actuarial 5-year metastasis-free survival rate was 96% 
(Figure 2). Five patients (4%) died and prostate cancer 
was the cause of death in two. The actuarial 5-year over- 
all survival rate was 97.5%. 

Toxicity 

Incidences of acute and late GI and GU toxicities are 
depicted in Table 3. Acute GU toxicity occurred in 82.1% 
of patients, while late grade > 2 GU toxicity occurred 
in 20,2%. 

Any grade of acute GI toxicity was observed in 62% of 
the patients. Late grade > 2 GI toxicity occurred in 16%, 
four (3%) patients presented late grade 3 GI toxicity and 
were submitted to small-scale procedures. Acute GU 
and GI toxicities were associated with higher incidence 
of GU and GI late toxicities (p < 0.05), and there was a 
statistically significant correlation between the occur- 
rence of acute GI and acute GU toxicity (p < 0.001). 

Discussion 

This study reports the results of disease control and to- 
xicity in patients with clinically localized prostate cancer 
treated with definitive IMRT alone with 1 cm posterior 
PTV margin and doses above 74 Gy. 



Table 1 Characteristics of tlie 140 included patients 

Characteristic 
Age (years) 

Median 70 

Mean 69 

Range 45-83 

Median follow-up (months) 58 3 



Number % 

Race 

White 125 89.3 

Black 5 3.6 

Otiier 1 0 7.1 
T Stage 

Tia 5 3.6 

Tib 3 2.1 

Tic 65 46.5 

T2a 51 36.4 

T2b 8 5.7 

T2c 3 2.1 

T3a 4 2.9 

T3b 1 0.7 
Gleason score 

< 6 53 38 
7 56 40 
8-10 31 22 

PSA 

< 10 106 75.7 
10 - 19.9 28 20 
>20 6 4.3 

NCCN Risk Group 

Low 36 25.7 

Intermediate 64 45.7 

High 40 28.6 

Prescribed dose levels (Gy) 

74 18 13 

76 20 14 

78 50 36 

80 52 37 



Excellent disease control rates were observed, with 
5-year biochemical faHure-free survival of 91.7%, 82.5% 
85.9% for low-, intermediate-, and high-risk patients, 
respectively. 

A unique feature of our series is that none of the pa- 
tients received any kind of HT and/or pelvic lymph node 
irradiation, even those classified as high or intermediate 
risk. All high-risk patients in this study were offered 2-3 
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years of HT, and all intermediate-risk patients were of- 
fered 6 months of HT. These patients did not receive 
HT either due to potential side effects, or comorbidities, 
or patient preference. 

The role of HT concomitant with RT is well established 
for high-risk prostate cancer patients [6-9] however, most 



published studies used low doses (< 74 Gy) with pelvic 
lymph node irradiation, and focused on patients with 
locally advanced disease. In that specific group, HT is al- 
most mandatory, given that it is associated with higher 
rates of overall survival. 



Table 2 Relative risks for PSA relapse-free survival according to the studied variables 



Variable 



RR 



95% CI 



Total 



PSA relapse 



% 



Stage 

Tla/Tlb/Tlc 
T2a/T2bmc 
T3a/T3b 
Gleason score 

< 6 
7 

8-10 
PSA 

< 10 
10-19.9 

> 20 

NCCN Risk Group 

Low 

ntermediate 
High 
Age (years) 

< 60 

> 60 e < 75 

> 75 
Total 



0.058 



1.00 
2.91 
6.02 

1.00 
1.08 
150 

1.00 
1.74 
2.07 

1.00 
1.61 
2.62 



1.04 - 8.17 
0.67 - 54.22 



0.37 - 3.12 
0.46 - 4.94 



0.61 
0.27 - 



497 
16.21 



0.43 - 5.94 
0.67 - 10.16 



73 
62 
5 

53 
55 
31 

106 
28 
6 

36 
64 
40 



5 
13 
1 



13 
5 
1 

3 
9 
7 



6.8 
21.0 
20.0 

11.3 
14.3 
16.1 

12.3 
17.9 
16.7 

8.3 
14.1 
17.5 



0.774 



0.493 



0.331 



0.324 



1.00 21 2 9.5 

2.15 0.48 - 9.49 86 15 174 

0.89 012 - 6.53 33 2 6.1 

140 19 13.6 

Abbreviations: NCCN = National Comprehensive Cancer Networl<; PSA = prostate-specific antigen; RR = relative risk; CI = confidence interval. 
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Table 3 Gastrointestinal and genitourinary acute and late 



toxicity rates 


Grade 


Gl toxicity N (%) 


GU toxicity N (%) 


Acute 


Late 


Acute 


Late 


None 


53 (37.9) 


97 (76.4) 


24 (17.1) 


85 (65.9) 


1 


45 (32.1) 


10 (7.9) 


31 (22.1) 


18 (14) 


2 


42 (30) 


16 (12.6) 


84 (60) 


24 (1 8.6) 


3 


0 


4(3.1) 


1 (0.7) 


2 (1.6) 


4 


0 


0 


0 


0 



Abbreviations: Gl gastrointestinal, GU genitourinary, N number of patients. 



In intermediate- and high-risk patients with localized, 
small-volume disease, i.e., those with a Gleason score 
of > 7 and/or PSA > 10 ng/ml and < T2c, the benefits of 
HT are not very clear. In our series, 99 patients pre- 
sented intermediate- or high-risk prostate cancer with 
localized, small-volume disease. Of these, 15 (15%) had 
biochemical failure, 3 (3%) presented metastases, and 1 
(1%) died of prostate cancer in a median follow-up 
period of 58 months. Stage T2 patients presented a risk 
of biochemical failure almost three times higher than 
the stage Tl patients. In a study reported by D'Amico 
et al., intermediate- and high-risk stage < T2b prostate 
cancer patients were randomized into groups that re- 
ceived either RT together with 6 months of HT or RT 
only (both treatments with a dose of 70 Gy). The group 
that received combined treatment presented a 21% rate 
of biochemical failure and no death from prostate cancer 
in a median follow-up period of 54 months [10]. Our re- 
sults suggest that the additional benefit of HT could be 
replaced by RT doses above 74 Gy, as the role of radi- 
ation dose escalation is well documented to increase bio- 
chemical control and reduce clinical failure [1,11]. 
Because HT is associated with some significant side 
effects [12], replacing it with high-dose RT, as demon- 
strated in our series, could represent a less toxic treat- 
ment strategy for these patients. Yet, no randomized 
studies have tested this hypothesis. Once completed, the 
Radiation Therapy Oncology Group (RTOG) 0815 
protocol may help to answer this question. 

Despite the benefits offered by dose escalation, higher 
toxicity rates are expected. Series that used doses above 
74 Gy and 3D-RT showed rates of late grade > 2 Gl and 



GU complications of 16-35% and 15-37%, respectively 
[13-17]. Series in which IMRT was used with doses above 
74 Gy, rates of late grade > 2 Gl and GU complications 
were 1.5-24% and 5-29%, respectively [3,18,19]. A com- 
parison of complication rates associated with 3D-RT 
and IMRT strongly suggests that rates are lower for IMRT 
[20,21]. 

In our study, rates of late grade 2 Gl and GU compli- 
cations were 12.6% and 18.6%, respectively, and compar- 
able values for grade 3 were 3.1% and 1.6%. Tools for 
measuring the degree of toxicity are not standardized, 
and the assessment methods remain subjective. Though, 
there is striking variation in complication rates between 
the different published series. For example, in the Alicikus 
et al. study, 170 patients with prostate cancer received 
81 Gy using IMRT and late grade 2 Gl toxicity occurred 
in 4 patients (2%). Among these patients, 2 developed 
grade 2 rectal bleeding [3]. In our study, 16 patients deve- 
loped grade 2 Gl toxicity but only 3 developed grade 2 
rectal bleeding. 

Another finding of our study was a significant correl- 
ation between acute and late toxicities, as between acute 
Gl and GU toxicities. Similarly, in a study by Zelefsky 
et al., the authors detected that the occurrence of acute 
grade > 2 Gl and GU toxicity was significant predictor of 
late grade > 2 Gl and GU toxicity [21]. These findings 
may help to identify those patients who should be fol- 
lowed closely for late side effects. 

In the current study, a symmetric PTV margin of 
1 cm around the CTV (including the posterior margin) 
was used. There is no consensus on the ideal safety mar- 
gin to use, which is typically determined by technical 
considerations at each treatment facility. However, usu- 
ally the posterior margin is reduced in order to achieve a 
better rectal sparing, despite the risk of missing the tar- 
get. Table 4 shows an overview of late toxicities in some 
IMRT dose-escalation reports and the posterior margin 
used. Even with larger margin, our results were compar- 
able with those with smaller margins. 

A major concern regarding the use of IMRT in treat- 
ing prostate cancer is the risk of missing the target due 
to the internal movement of organs. Some published 
studies have suggested that the inter and intrafractions 
changes in rectal volume could compromise effective 



Table 4 Overview of late toxicities reports using high dose IMRT 


Study 


N 


Posterior 


iVIean 


Gl toxicity (% 


) 


GU toxicity (%) 






margin (cm) 


dose (Gy) 


G2 


G3 


G2 G3 


Current study 


MO 


1 


78 


13 


3 


18 2 


Alicikus et al [3] 


170 


0.6 


81 


2 


1 


9 5 


Jani et al [18] 


106 


0.6 


76 


3 


3 


19 4 


De Meerleer et al [19] 


133 


0.7 


76 


17 


1 


19 3 



Abbreviations: N number of patients, Gt gastrointestinal, GU genitourinary, G grade. 
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treatment [22-24]. This risk is directly related to the 
PTV margins definition which is related to the precision 
of each technique. 

Image-guided radiotherapy (IGRT) is the best method 
to safely reduce the margins, leading to a reduction of 
complication rates without compromising disease con- 
trol. Zelefsky et al. recently reported the toxicity rates 
and biochemical control outcomes in patients treated 
with high dose IMRT using IGRT for clinically localized 
prostate cancer. One hundred eighty-six patients were 
treated at a dose of 86.4 Gy with daily correction of 
the target position based on kilovoltage imaging of 
implanted prostatic fiducial markers. This group of 
patients was retrospectively compared with a similar 
cohort of 190 patients who were treated with IMRT 
to the same prescription dose but without implanted 
fiducial markers in place (non-IGRT). The 3-year like- 
lihood of grade 2 and higher urinary toxicity for the 
IGRT and non-IGRT cohorts were 10.4% and 20.0%, 
respectively (p = 0.02) [25]. 

In our study, no image-guidance was used, and the ex- 
cellent rates of local control, even with no HT, are prob- 
ably due to the high doses and PTV margins used. And, 
as already pointed, unlike to what would be expected, 
toxicity rates were low, and comparable to the already 
published ones. 

In 2006 we started IGRT at our department with cone 
beam CT for some patients receiving IMRT for prostate 
cancer. In the first moment we decided to keep the same 
margins of 1 cm in all directions. After 2009 we formally 
initiated to delivery radiation for these patients with 
smaller margins (0.5 to 0.7 cm) and daily cone beam 
CT. We expect that the use of IGRT will be related with 
less morbidity, given its higher precision. 

The major limitations of the current study, including 
the biases inherent to a retrospective review, are the 
physician-based assignment of toxicities scores which 
warrant consideration in interpretation of the results, 
the low number of patients studied and the short follow- 
up. A longer follow-up time is needed to determine the 
duration of tumor control and to assess the incidence of 
additional late complications. 

Conclusions 

Some patients with clinically localized prostate cancer 
may benefit from RT as a single treatment modality. The 
IMRT technique used in this cohort, delivering doses of 
74 Gy or higher with 1 cm posterior PTV margin was 
safe, well-tolerated, and effective. 

Abbreviations 

RT: Radiotherapy; Gl: Gastrointestinal; GU: Genitourinary; 3D-RT: Tlnree- 
dimensional conformal radiotherapy; IMRT: Intensity-modulated radiotherapy; 
PTV: Planning target volume; HT: Hormone therapy; NCCN: National 
comprehensive cancer network guidelines; CTV: Clinical target volume; 



BF: Biochemical failure; NCI CTCAE: National Cancer institute Common 

Terminology Criteria for Adverse Events; CI: Confidence intervals; 

RTOG: Radiation Therapy Oncology Group; IGRT: Image-guided radiotherapy. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

RG carried out the data collection and drafted the manuscript ETL and EGG 
participated in the data collection. GND, EEA, CVA, SAH, JES, HAG and BG 
provided comments, critique and suggestions for its improvement CKH carried 
out radiotherapy planning and provided comments, critique and suggestions 
for its improvement. All authors read and approved the final manuscript 

Author details 

^Department of Radiation Oncology, Hospital Sirio Libanes, Rua Dona Adma 
Jafet 91, Sao Paulo, Brazil. ^Department of Radiation Oncology, Instituto do 
Cancer do Estado de Sao Paulo, Av. Dr. Arnaldo, 251, Sao Paulo, Brazil. 
^Department of Medical Oncology, Hospital SIrio Libanes, Rua Dona Adma 
Jafet, 91, Sao Paulo, Brazil. 

Received: 4 August 2013 Accepted: 13 November 2013 
Published: 6 December 2013 

References 

1. Viani GA, Stefano Afonso SL: Higher-than-conventional radiation doses 
in localized prostate cancer treatment: a meta-analysis of randomized, 
controlled trials. Int J Radiat Oncol Biol Phys 2009, 74:1405-1418. 

2. Kuban DA, Tucker SL, Dong U Starkschall G, Huang EH, Cheung IVIR, Lee AK: 
Pollack: long-term results of the M. D. Anderson randomized dose- 
escalation trial for prostate cancer. Int J Radiat Oncol Biol Phys 2008, 
70:67-74. 

3. Alicikus ZA Yamada Y, Zhang Z, Pei X, Hunt IVl, Kollmeier M, Cox B, 
Zelefsky MJ: Ten-year outcomes of high-dose, intensity- modulated 
radiotherapy for localized prostate cancer. Cancer 201 1, 1 17:1429-1437. 

4. Scardino P: Update: NCCN prostate cancer clinical practice guidelines. 
J Natl Compr Cane Netw 2005, 3{l):29-33. 

5. Roach M 3rd, Hanks G, Thames H Jr, Schellhammer P, Shipley WU, Sokol GH, 
Sandler H: Defining biochemical failure following radiotherapy with or 
without hormonal therapy in men with clinically localized prostate 
cancer: recommendations of the RTOG-ASTRO phoenix consensus 
conference, int J Radiat Oncol Biol Phys 2006, 65:965-974. 

6. Hanks GE Pajak TE Porter A, Grignon D, Brereton H, Venkatesan V, Horwitz ElVl, 
Lawton C, Rosenthal SA, Sandler HIVI, Shipley WU: Phase III trial of long-term 
adjuvant androgen deprivation after neoadjuvant hormonal cytoreduction 
and radiotherapy in locally advanced carcinoma of the prostate: the 
radiation therapy oncology group protocol 92-02. J Clin Oncol 2003, 

21 :3972-3978. 

7 Bolla IVl, Collette U Blank L, Warde P, Dubois JB, IVlirimanoff RO, Storme G, 
Bernier J, Kuten A, Sternberg C, Mattelaer J, Lopez Torecilla J, Pfeffer JR, Lino 
Cutajar C, Zurlo A, Pierart M: Long-term results with immediate androgen 
suppression and external irradiation in patients with locally advanced 
prostate cancer (an EORTC study): a phase III randomised trial. Lancet 
2002, 360:103-106. 

8. Pilepich MV, Winter K, John IVIJ, Mesic JB, Sause W, Rubin P, Lawton C, 
Machtay IVl, Grignon D: Phase III radiation therapy oncology group 
(RTOG) trial 86-10 of androgen deprivation adjuvant to definitive 
radiotherapy in locally advanced carcinoma of the prostate. Int J Radiat 
Oncol Biol Phys 2001 , 50:1 243-1 252. 

9. Denham JW, Steigler A, Lamb DS, Joseph D, Mameghan H, Turner S, 
Matthews J, Franklin I, Atkinson C, North J, Poulsen M, Christie D, Spry NA, 
Tai KH, Wynne C, Duchesne G, Kovacev 0, D'Este C: Short-term androgen 
deprivation and radiotherapy for locally advanced prostate cancer: 
results from the trans-tasman radiation oncology group 96.01 
randomised controlled trial. Lancet Oncol 2005, 6:841-850. 

10. DAmico AV, Manola J, Loffredo M, Renshaw AA, DellaCroce A, Kantoff PW: 
6-month androgen suppression plus radiation therapy vs radiation 
therapy alone for patients with clinically localized prostate cancer: a 
randomized controlled trial. JAMA 2004, 292:821-827. 

1 1 . Kuban DA, Levy LB, Cheung MR, Lee AK, Choi S, Frank S, Pollack A Long- 
term failure patterns and survival in a randomized dose-escalation trial 



Gadia ef al. Radiation Oncology 2013, 8:285 
http://www.ro-journal.eom/content/8/1/285 



Page 7 of 7 



12. 



13. 



14. 



16. 



17. 



19. 



20. 



22. 



23. 



24. 



25. 



for prostate cancer: who dies of disease? Int J Radiat Oncol Biol Phys 201 1, 
79:1310-1317. 

Nguyen PL, Chen MH, Beckman JA, Beard CJ, Martin NE, Choueiri TK, Hu JC, 
Hoffman KE, Dosoretz DE, Moran BJ, Salenius 5A, Braccioforte MH, Kantoff 
PW, D'Amico AV, Ennis RD: Influence of androgen deprivation therapy on 
all-cause mortality in men with high-risk prostate cancer and a history of 
congestive heart failure or myocardial infarction. Int J Radiat Oncol Biol 
Phys 2012, 82:1411-1416. 

Hanks GE, Hanlon AL, Schultheiss TE, Pinover WH, Movsas B, Epstein BE, 
Hunt MA: Dose escalation with 3D conformal treatment: five year 
outcomes, treatment optimization, and future directions. Int J Radiat 
Oncol Biol Phys 1998,41:501-510. 

Zelefsky MJ, Cowen D, Fuks Z, Shike M, Burman C, Jackson A, Venkatramen 
ES, Leibel SA: Long term tolerance of high dose three-dimensional 
conformal radiotherapy in patients with localized prostate carcinoma. 

Cancer 1 999, 85:2460-2468. 

Pollack A, Zagars GK, Starkschall G, Antolak JA, Lee JJ, Huang E, von 
Eschenbach AC, Kuban DA, Rosen I: Prostate cancer radiation dose 
response: results of the IVl. D. Anderson phase III randomized trial. 

Int J Radiat Oncol Biol Phys 2002, 53:1 097-1 1 05. 

Zletman AU DeSllvio MU Slater JD, Rossi CJ Jr, Miller DW, Adams JA, Shipley 
WU: Comparison of conventional-dose vs high-dose conformal radiation 
therapy in clinically localized adenocarcinoma of the prostate: a 
randomized controlled trial. iAMA 2005, 294:1233-1239. 
Dearnaley DP, Sydes MR, Graham JD, Aird EG, Bottomley D, Cowan RA, 
Huddart RA, Jose CC, Matthews JH, Millar J, Moore AR Morgan RC, Russell JM, 
Scrase CD, Stephens RJ, Syndikus I, Parmar MK: Escalated-dose versus 
standard-dose conformal radiotherapy in prostate cancer: first results from 
the MRC RTOl randomised controlled trial, lancet Oncol 2007, 8:475-487. 
Jani AB, Su A, Correa D, Gratzle J: Comparison of late gastrointestinal and 
genitourinary toxicity of prostate cancer patients undergoing intensity- 
modulated versus conventional radiotherapy using localized fields. 
Prostate Cancer Prostatic Dis 2007, 10:82-86. 

De Meerleer GO, Eonteyne VH, Vakaet L, Villeirs GM, Denoyette L, Verbaeys 
A, Lummen N, De Neve WJ: Intensity-modulated radiation therapy for 
prostate cancer: late morbidity and results on biochemical control. 

Radiother Oncol 2007, 82:160-166. 

Sheets NC, Goldin GH, Meyer AM, Wu Y, Chang Y, Sturmer T, Holmes JA, 
Reeve BB, Godley PA, Carpenter WR, Chen RC: Intensity-modulated radiation 
therapy, proton therapy, or conformal radiation therapy and morbidity and 
disease control in localized prostate cancer. J/\M/i 2012, 307:1611-1620. 
Zelefsky MJ, Levin EJ, Hunt M, Yamada Y, Shippy AM, Jackson A, Amols HI: 
Incidence of late rectal and urinary toxicities after three-dimensional 
conformal radiotherapy and intensity-modulated radiotherapy for 
localized prostate cancer. Int J Radiat Oncol Biol Phys 2008, 70:1 124-1 129. 
Heemsbergen WD, Hoogeman MS, Witte MG, Peeters ST, Incrocci L, Lebesque 
JV: Increased risk of biochemical and clinical failure for prostate patients 
with a large rectum at radiotherapy planning: results from the Dutch trial 
of 68 Gy versus 78 Gy int J Radiat Oncol Biol Phys 2007, 67:1 41 8-1 424 
de Crevoisier R, Tucker SU Dong L, Mohan R, Cheung R, Cox JD, Kuban DA: 
Increased risk of biochemical and local failure in patients with distended 
rectum on the planning CT for prostate cancer radiotherapy. Int J Radiat 
Oncol Biol Phys 2005, 62:965-973. 

Engeis B, Soete 6, Verellen D, Storme G: Conformal arc radiotherapy for 
prostate cancen increased biochemical failure in patients with distended 
rectum on the planning computed tomogram despite image guidance 
by implanted markers. Int J Radiat Oncol Biol Phys 2009, 74:388-391 . 
Zelefsky MJ, Kollmeier M, Cox B, Eidaleo A, Sperling D, Pei X, Carver B, 
Coleman J, Lovelock M, Hunt M: Improved clinical outcomes with high- 
dose image guided radiotherapy compared with non-IGRT for the 
treatment of clinically localized prostate cancer. Int J Radiat Oncol Biol 
Phys 2012, 84:125-129 



doi:l 0.1 1 86/1 748-71 7X-8-285 

Cite this article as: Gadia et al: Outcomes of high-dose intensity- 
modulated radiotherapy alone with 1 cm planning target volume 
posterior margin for localized prostate cancer. Radiation Oncology 
2013 8:285. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.blomedcentral.com/submit 



o 



BioMed Central 



